With acid hydrophilized rough titanium plasma sprayed (TPS) miniplates (10.4 x 5.2 x 1.7 mm; Ra = 22 μm; rm = 8) we discovered that ca. 20% of the data in each Wilhelmy balance measurement corresponded to "forbidden" data of the type cos θ > 1.0. It was then found, that the dogma stating "cos θ > 1.0 as undefined" is false. Surprisingly, the equation cos θ > 1.0 is indeed defined, only in imaginary number space. The imaginary dynamic contact angles θai of hydrophilized TPS surfaces could then be redetermined to θai =20i°-22i° (advancing and receding). We have termed this phenomenon "hyperhydrophilicity" or Inverse Lotus Effect which can be defined as the total wetting of rough surfaces with extreme wettability rates generating Wilhelmy force values which can be expressed as imaginary contact angles.
Introduction
Contact Angle measurements on the Wilhelmy balance constitute one of the most powerful and sensitive procedures for measuring contact angles [1] [2] [3] and the method is also viewed as the "gold standard" [4, 5] . In this procedure the sample is lowered into and retracted from pure water during force measurements. The contact angle is then calculated from the force of immersion and emersion according to the well-known Wilhelmy equation [1] :
Where F is the measured net force, and in the first term P is the perimeter of the sample,  the surface tension of water and  the contact angle (advancing  A or receding  R ). In the second term V is the volume of displaced liquid, standard gravity (g = 9.81 m/s 2 ) and  the density of the liquid. The second term which accounts for buoyancy can be eliminated by extrapolating to zero immersion depth leading to the simplified Wilhelmy equation:
Classical contact angles () span the range between 0° (ultraclean quartz glass [1] ) and 180° (air [6] ). These angles are described by the young equation (eq. 1) valid for a perfectly smooth surface. This equation is limited by two forbidden contact angles: (i)  119° and (ii)  0°. In the first case on the hydrophobic side Nishino et al. [7] conclusively showed in 1999 that for physical reasons contact angles cannot exceed  = 119° [7] . However Wilhem Barthlott had earlier reported much higher angles for the "Lotus Effect" in 1997 [8] . These were obtained on a rough surface (Lotus leaf) haboring small pockets of air ( ~ 180° [6] ) explaining the discrepancy. Such surfaces can be described according to the Wenzel (1936) [9] and CassieBaxter (1944) [10] equations. Thus the restriction of  119° was overcome by a trick of nature. In the second case ( 0°) on the hydrophilic side the contact angle cannot fall below zero for the mathematical reason that cos  > 1 is undefined (see ref. [3] ). Recently we have shown that this is not the case [11] . Moreover cos  > 1 is defined by imaginary numbers [11] . We have termed this effect the "Inverse Lotus Effect" [12] .
The terms used in the description of wetting have not been clearly defined by nomenclature commissions. Ultrahydrophilicity has been described [13] for surfaces which display dynamic contact angles < 10° with absent contact angle hysteresis (for review see [14] ). Superhydrophilicity was recently reviewed by Drelich et al. [15] , who note that its definition "has not been clarified yet". An inherent discrepancy in the term "superhydrophilicity" lies in the fact [11] that although the contact angles on ultraclean quartz glass surfaces (see [14] ) reach the lowest defined contact angle of zero degrees (cos 0; (see [14] ), they are not classed as superhydrophilic [15] , however rough surfaces with zero degree contact angles are called superhydrophilic. For contact angles in the imaginary number space we have introduced the term hyperhdrophilicity [16] .
Methods
Miniplates (DOT GmbH Rostock) of titanium alloy (Ti-6Al-4V) with a cp-titanium plasma spray (TPS) coating 10.4 x 5.2 x 1.7 mm. The profilometric and the microscopic surface roughness for ref. [11, 12] were redetermined to Ra = 22.3 ± 2.1 µm and r m = 8.21 ± 1.17. After ultrasonic cleaning in 80% ethanol for 20 minutes the miniplates were hydrophilized by the chromosulfuric acid (CSA) method [17] , which also creates a nano structure [11, 12] . All other materials and experimental methods are extensively described in ref. [11, 12] . Apparent macroscopic static contact angles were determined by the sessile drop method. 3-5 µl ultrapure water was placed on the miniplate and imaged with a Panasonic high definition HDC-SD300 video camera. Single image snapshots (see [18] ) were graphically evaluated with a protractor. Classical dynamic contact angles  A (advancing) and  R (receding) were determined in ultrapure water (Tensiometer DCAT 11, Dataphysics, Filderstadt, Germany) according to the method of Wilhelmy [1, 2, 12] . Immersion and emersion speeds in water were 1 mm/min (17 µm/s) [11] . Imaginary numbers were calculated according to a utility add-on for the Program MatLab 7.14 (The MathWorks, Inc., Natick, MA, USA) written by Christoph Seitz (Morphoplant GmbH, Bochum).
Results and Discussion
As illustrated in Fig. 1 the cleaned TPS miniplate is superhydrophobic displaying the Lotus Effect (Fig. 1A) with a contact angel of 145° according to the sessile drop method [12] . Analyzing the same surface by the Wilhelmy Plate method yields dynamic contact angles of  A / R = 111°/38°. Droplets of water roll off the surface at a tilting angle of 45° [12] . These contact angles are lower probably because the air pockets on the surface are now displaced by water and the true surface contact angles now become evident.
Lotus Effect on Medicinal TPS Surface
A. [12] . Scale: the shown thickness of the miniplate with TPS -surface on both sides is 1.7 mm. For further details see [11, 12] [12] , data taken from ref. [12] The superhydrophobic surface is now transformed to a superhydrophilic surface by chemical wettability switching [12, 19] with hot chromosulfuric acid [17] which also forms a nanostructure on the surface [20] . As shown in Fig. 2A this now superhydrophilic surface draws in the water so rapidly that this can only be captured by a film camera. The apparent sessile drop contact angle corresponds to zero degrees. This same value is obtained by the Wilhelmy plate method ( A / R = 0°/0°) As will be explained below these contact angles are not truly correct. However this superhydrophilic surface show other special properties. Mineral oil, nhexane and diiodomethane spread completely on the superhydrophilic surface in agreement with superamphiphilicity ( From the foregoing it could be concluded that now according to (Figs. 1 & 2) these surfaces behave as is to be expected for a highly rough surface. However things are more complex. A detailed analysis of the Wilhelmy Plate data of Fig. 2B led to the surprising result, that the instrument only showed the data which corresponded to data compliant with the cos   1. All other information on cos  > 1 was suppressed (see demarcation line). Although reports of the relation cos  > 1.0 existed (see ref. [3] ), current doctrine ruled them as undefined. We discovered that ca. 20% of the data in each Wilhelmy balance measurement corresponded the type cos  > 1.0 (see demarcation line). It was then realized [11] , that the dogma stating "cos  > 1.0 as undefined" is false. Surprisingly, the equation cos  > 1.0 is indeed defined, only in imaginary number space. On the grounds that e.g. for cos  = 1.54 the contact angle  ai = 1  and thus corresponds to the imaginary number 1i or in degrees to 57.3i°. We therefore introduced imaginary contact angels for the first time [11] . This is demonstrated in Table 1 , which shows the arccos of the Wilhelmy force values and the corresponding contact angles in real and imaginary number space. Interestingly one finds a fully symmetrical number system mirrored at the crucial contact angle of zero degrees and then increasing from 0°-80° in the classical system and from 0i to 80i degrees in the imaginary number system. Thus it is now possible to evaluate every force value which a Wilhelmy balance can measure. The question is of course if this can be applied to a real experiment in a meaningful way.
Table 1
Calculated contact angles for real and imaginary space (see [11] In Fig. 3 the Wilhelmy balance values of cos  > 1.0 in Fig. 2B were converted to imaginary contact angles and plotted in a similar manner as classical profiles. This is shown in Fig. 3 [11, 12, 16] .
Wilhelmy profiles, only that the resulting angels are in imaginary number space. Finally it should be noted, that superhydrophilic surfaces of the "inverse lotus effect" type on TPS implants strongly enhance bone growth and bone implant contact versus control surfaces [21] (paper in preparation). Thus these surfaces are of importance in clinical implantology.
Conclusions
On the basis of symmetry where heterogenous wetting in the "Lotus Effect" extends the hydrophobic range of contact angles to values greater than 119°, the new imaginary number system now allows the extension and quantification of hyperhydrophilic wetting in hitherto "undefined" imaginary space. Imaginary contact angles appear to result from the interplay of at least four key wetting functions on rough surfaces, cohesion, adhesion, spreading and immersion, which still require clarification. Although much has to be learned about imaginary contact angles, they significantly expand our methodology, the range of wettability measurements and the tools for analyzing rough hydrophilic surfaces.
